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Summary 
The storage potential of seeds harvested nt weekly intervirls after controlled 
pollination was studied in threc diverse cytoplasmic male sterile pearl millet 
(Pi~ttrti,~otunt glruc-rrnt),li?es. In the first experiment in 1989. a compiirison of p,,, 
(time for viability to decline to 50"" during storage) among seeds of the line DSA 
105A harvested 14.21. 28. 35 and 42 days after pollinirtion (DAP), iind then stored 
at 35 "C' with 1 So,, moisture content or 40 "<' with 13",, moisture content, showed 
that those harvested 25 DAP had the greatest longevity. In the second experiment 
in 1990, a comparison of'p,,, within the lines 5 141A and L 67A harvested 28,35 and 
42 DAP, and then stored at 40 "C with 1 moisture content, showed that seeds of 
both lines harvested 42 DAP had the greatest longevity. In both the seasons. and 
in all threc lines, maximum seed longevity b,,,) was attained one week after 
physiological maturity (defined as the end of the grain filling period), which is 
therefore the optimum time of harvest to obtain good quality seeds for 
conservation. 
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1 ntroduction 
Maintaining germplasm as seeds in genebanks is an economical and convenient method of 
conserving the genetic resources of crop plants (Anon., 1976). The most critical process of 
genebank management is regeneration (growing a sample of the seed accession to provide a 
fresh sample of seeds for further storage). Regeneration is expensive and there is also the risk 
of genetic drift due to selection pressure, recombination of genes, out-crossing, and handling 
errors (Anon., 1976). The potential storage life of seed accessions in genebanks, and hence the 
frequency of regeneration, is influenced by seed collection and harvesting practices (Smith, 
1984). 
Physiological maturity, defined as the attainment of maximum seed dry weight (Shaw & 
Loomis, 1950), has been reported to be more or less coincident with the onset of full 
germination capacity in several crops (e.g. TeKrony, Pfeiffer & Fellows, 1979; Ellis, Hong & 
Roberts, 1987). According to Harrington (1972) physiological maturity marks the stage in 
seed development when the seeds begin to age, at which time they show maximum vigour. In 
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four pearl millet (Pennisetum glaucum) lines mean maximum germination and seedling dry 
weights did coincide with physiological maturity (Appa Rao, Kameswara Rao & Mengesha, 
1992). 
Does the maximum storage potential of seeds coincide with physiological maturity and 
decline thereafter? The evidence for this in Gramineae is somewhat equivocal. Rasyad, Van 
Sanford & TeKrony (1990) reported that maximum storage potential in wheat (Triticum 
aestivum) occurred at or before physiological maturity but did not subsequently decline. 
McAlister (1943) found the longevity of immature seeds (pre-milk and milk stages) of several 
range and pasture species to be less than that of mature seeds (dough stage and harvest 
maturity), but Ellis & Roberts (1981~) found no differences between the longevity of immature 
and mature (harvest maturity) barley (Hordeum vulgare) seeds, while Shands, Janisch & 
Dickson (1967) reported a decline in barley seed longevity after harvest maturity. 
The Genetic Resources Unit at ICRISAT maintains nearly 100 000 seed accessions of five 
important crops of the semi-arid tropics (Mengesha, Khanna, Chandel & Kameswara Rao, 
1989). We conducted two experiments during the 1988 and 1989 post-rainy seasons and 
studied the quantitative differences in longevity of seeds harvested at different times after 
pollination in three cytoplasmic male sterile (CMS) pearl millet lines, in order to determine the 
optimum time to harvest seeds of good quality for conservation. 
Materials and Methods 
Experiment 1 
The CMS line DSA 105A (origin, Ghana) was grown in the field in an alfisol during 
December 1988 - March 1989 at the ICRISAT centre, Patancheru, in eight rows each 4 m long 
and 75 cm apart adjacent to six rows of the maintainer line. The seeds were sown on 25 
December 1988. The distance between plants within rows was 10 cm. Toensure that all seeds 
harvested from a spike were of the same age, emerging spikes were covered with parchment 
paper bags and when the maximum number of stigmas appeared receptive, they were hand- 
pollinated and covered again with these bags to prevent further pollination. In an attempt to 
minimise the effects of differences in environment during seed development, pollinations 
were adjusted so that seeds at all five maturity stages could be harvested at about the same time 
(Table 1). In addition, for most harvests, seeds from spikes pollinated on different dates were 
bulked (Table 1). 
Between 14 and 51 spikes were collected for each maturity stage (Table 1) and dried for one 
week on perforated trays in a drying cabinet maintained at 15 "C and 15% relative humidity. 
This treatment reduced seed moisture contents to between 9.6% and 10.1%. The samples were 
then hermetically stored at 4 OC for about 30 days until the determination of longevity. The 
differences in potential longevity of these five seed lots were studied by determining the 
germination of sub-samples of each after several different periods of storage in constant 
conditions; 40 OC with 13% moisture content, and 35 "C with 15% moisture content. The 
determination of complete seed survival curves at a constant temperature and a constant 
moisture content, rather than one germination test after a single period of storage whether in a 
constant or changing seed storage environment, in order to estimate seed quality is in 
accordance with advice provided by Ellis & Roberts (1980a, 1981b). 
Seed moisture contents were determined gravimetrically using the high-constant- 
temperature oven method (Anon., 1985a,b) and are expressed on the wet-weight basis. They 
were raised to 13% or 15% by placing samples of known weight on moist paper towels and 
regularly reweighing until the required weight at each moisture content was reached. The 
seeds were then sealed in laminated aluminium foil packets and held at  4 O C  for 48 h to ensure 
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even distribution of' moisture within the seed lot. The moisture content of the seeds was then 
checked to ensure that all samples had the required moisture content. The seeds at each 
moisture content were then divided into sub-samples of200 400 seeds. Each sub-sample was 
sealed in a laminated aluminium Soil packet. Nine samples of each maturity group at 139; 
moisture content were stored at 40 + I "C and nine at 15"" moisture content were stored at 
35 -t I "C. One sample was removed from each storage environment at weekly intervals and 
then tested for germination. An additional sample at each moisture content was also tested for 
germination before storage. 
Each of the four or eight replicates of the germination test comprised 50 seeds tested on top 
of two moist filter papers (Whatman 181) in 9.0 cm Petri dishes and placed at random within 
an alternating temperature incubator maintained at 20130°C (16 hi8 h). Final counts of 
normal germination were made after 10 days in test in accordance with the recommendations 
of the International Seed Testing Association (Anon., 19856). The survival data for seeds of 
the various maturity stages in each storage environment were subjected to probit analysis 
(Roberts, 1972). in which a weighted transformed regression of percentage germination 
against time was performed. 
Esprrinlc~rtt 2 
A further two CMS lines of diverse origin (5141A from India and L 67A derived from a 
cross between Indian and African lines) were sown on 17 November 1989 in an alfisol, the 
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plants grown at the same density as Expt 1, and spikes harvested from each at three maturity 
stages in February 1990 (Table 1). These were treated identically to the seeds harvested in 
1989, except that samples were only stored in one environment (40 "C with 139; moisture 
content). 
Results and Discussion 
During storage all seed lots gradually lost viability, but differences among the seeds 
harvested at different stages of maturity were apparent (Fig. I). In DSA 105A differences 
between the two storage environments were small whereas differences among harvest times 
were considerable (Fig. la,h). Most of these seed survival curves are typically sigmoid and can 
be described by negative cumulative normal distributions (Roberts, 1972). Within the 
viability equation developed to quantify loss in seed viability during storage in a wide range of 
storage environments (Ellis & Roberts, 1980h), seed survival curves are described by 
in which 1) is probit percentage viability after storage in a constant environment forp days, K,  
is a seed lot constant and a is the standard deviation of the frequency distribution of seed 
deaths in time (days). It has been shown in several diverse species that different seed lots 
stored under identical constant conditions have the same value of c, and hence the same seed 
survival curve slope (Ellis & Roberts, 198 1b; Ellis, Osei-Bonsu & Roberts, 1982; Kraak & Vos, 
1987). Comparison within each of Fig. la,h,c and d showed, not surprisingly, significant main 
effects of storage period ( P  < 0.005) and maturity stage at harvest (P < 0.005) but also 
significant interactions between these main effects ( P  < 0.025); i.e. the value of a varied 
among seed lots. 
It is clear from each of Fig, l a  and h, however, that the seed survival curves for all but the 
sample harvested 42 DAP are similar other than being displaced in time (i.e. the four lots 
harvested between 14 and 35 DAP provide results which conform to the hypothesis that odoes 
not vary). In contrast, the two seed survival curves for the sample harvested 42 DAP are 
shallower. Comparison between curves for samples harvested 35 and 42 DAP show that the 
0 5 10 0 5 10 
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Fig. I .  Loss in viability of pearl millet seeds of CMS lines DSA 105A ((1. h),  5141A (c), and L 67A (d )  
harvested 14 (V). ?I (0). ?R (A).  35 (0). and 42 (0) d:lys after pollination during subsequent hermetic 
storagc i ~ t  35 "(' with IS0,, moisture content ((I) or at 40 'C with 13O, moisture content (h ,  r, d ) .  
Fig. 2 .  EHecct of Juratlon t'ron~ polltn;~ct~on to hnrvest cln mciin secd dry weight (0 ,  tr I,), mean seedling dry 
ueight 14 days i~l tcr  bowing at 2 5  'I' (1. (I c ) ,  normill gcrmin;~ct~on of fresh seed5 (0 ,  (1 1 ) .  ilnd secd 
longevity ( p , , , ,  ciays) in hrrniectic storage ;I( 35 ' C  w ~ t h  IS0,, moisture content (I. g) or 40 C'  with 12", 
moisture content (0 .  g 0 for three C'MS pearl mlllct llncs harvested in 1919 (u.  J, or 19%) (h. c. t1.1,  h, i ) .  
The villues ofp,,, shown ;ire the prtduct ofthe estlmntesof A', and n (equation I )  Jerlved hy proh~t analysis 
of' the observations shown in Fig. I. The data presented in ( h ,  c ,  t2, I )  are repealed I'rom Appa Rao, 
Kameswara Rao & blengesha (1992). 
shorter-livcd seeds of the latter deteriorated rather more then the longer-lived seeds during this 
seven-day period on the mother plant (Fig. Ia,h), i.e. the viability of seeds harvested 42 DAP 
was less than that of seeds at 35 DAP, but the survival curve for seeds harvested 42 DAP was 
shallower. Even more dramatically, the same comparison within 5141A and L67A shows that 
the shorter-lived seeds of samples harvested 42 DAP were damaged during the last seven days 
on the mother plant, whereas the quality of the longer-lived seeds harvested 42 DAP was 
enhanced (Fig. Ic,d), i.e. in both these lines the survival curves of seeds harvested 35 and 42 
DAP cross with the latter showing higher viability for storage periods in excess of 14 (5141A) 
or 28 days (L 67A). We suggest two explanations for such behaviour (not mutually exclusive). 
First, the environment, particularly seed moisture content, during the final stages of 
maturation drying could vary within the spike, i.e, the moisture content of seeds at the core of 
the spike could take longer to equilibrate with the ambient environment than that of seeds at 
the periphery of the spike. Secondly, the sampling procedure used minimised variation in 
harvest date (Table I) ,  but one consequence was that early seed development did not 
necessarily occur under identical conditions. 
The latter may help to explain the apparent decline in seed dry weights after physiological 
maturity. This was substantial in DSA 105A (Fig. ?a) but less marked in the other two lines 
(Fig. 2b,c). Although similar declines in seed dry weight after physiological maturity have 
sometimes been observed before in cereals (Housley, Kirleis, Ohm & Patterson, 1982), they 
are difficult to explain other than by experimental error. 
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The storage period until viability is reduced to 50% (p,,) is the most accurately determined 
longevity period (Roberts, 1972). This period of longevity was maximal 35 D A P  in DSA 105A 
harvested in 1989 (Fig. 2g) and 42 D A P  in 5141A and L 67A harvested in 1990 (Fig. 2h,i), but 
in all three lines maximum longevity occurred one week after physiological maturity (Fig. 2). 
In contrast, both maximum germination of the fresh seeds and maximum mean seedling dry 
weight coincided with physiological maturity in all three lines, but neither declined greatly for 
seeds harvested 7 days later (Fig. 2a:j). 
There is considerable reason then to question the assumption that all aspects of seed quality 
are maximal a t  physiological maturity. We suggest that in order to maximise subsequent seed 
storage longevity, pearl millet seeds should be harvested about one week after physiological 
maturity. 
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